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Abstract: Electro-hydraulic shaking tables are widely used for vibration testing where high force and displacement 
amplitudes are required. In particular, they are a vital tool in seismic testing, enabling the development of 
buildings and other structures which are earthquake resistant. Three-variable-control (TVC) is commonly used for 
the control of multi-degree of freedom (DOF) electro-hydraulic shaking tables. However the coupling between the 
degrees of freedom is often significant and is not compensated by TVC. In this paper, an acceleration decoupling 
control (ADC) method is presented for a 6 DOF electro-hydraulic shaking table system to improve the acceleration 
tracking performance and decouple the motion in task space. The gravitational, coriolis and centripetal forces are 
compensated in joint space based on a dynamic model of the shaking table. Modal control is used to transform the 
coupled dynamics into six independent systems. Inverse dynamics models are used to cancel the differences in 
actuator dynamics. The proportional gains in modal space are tuned heuristically to give sufficient stability 
margins to provide robustness in the presence of modeling errors. The input filter and feedforward controller in 
TVC are added to improve the acceleration tracking performance of each independent system. Experimental 
acceleration frequency responses are used to demonstrate the effectiveness of ADC, and in particular these show a 
consistent reduction in cross-axis coupling compared to TVC. Moreover, only 4 parameters need to be tuned, as 
opposed to 36 for TVC, and the method provides a viable route to improving the accuracy of seismic testing in the 
future. 
 
Keywords: electro-hydraulic shaking table, TVC, modal control, acceleration control, seismic testing. 
 
I. Introduction 
Multi-degree of freedom (DOF) electro-hydraulic shaking tables can generate both large forces 
and large strokes and are widely used for seismic testing [1]. The accurate replication of the 
measured acceleration amplitude is essential to avoid significant errors in test outcomes. The ideal 
shaking table would be a rigid testing instrument that exactly followed the commanded motions. 
However, in reality there are many challenges to overcome to achieve accurate motion control, 
such as hydraulic and structural resonance, servo valve flow gain nonlinearity and unmodelled 
reaction forces exerted by the load on the table [2-5]. It is often very difficult the design a control 
system which fully meets the requirements of the test. 
 
A multi-DOF electro-hydraulic shaking table is a parallel mechanism with complex nonlinearities. 
Motion control methods developed for parallel robots, such as the computed torque method [6, 7], 
inverse dynamic compensation [8] and multivariable feedback linearization [9], have been proved 
to be effective for Stewart platforms and similar parallel configurations. However, 
electro-hydraulic shaking tables need to accurately control motion at high frequencies, so the 
required bandwidth is much larger than that of a typical parallel robot or flight simulator motion 
system. Thus the application of the above-mentioned control methods is impractical, for example 
due to the need to handle resonances. Three-Variable-Control (TVC) is the most popular controller 
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structure used for electro-hydraulic shaking tables [1, 10]. Fig.1 shows a block diagram of TVC. 
 
Fig.1  Block diagram of TVC 
 
?̈?, ?̇? and r are reference acceleration, velocity and displacement of the shaking table. ?̈?, ?̇? and d 
are acceleration, velocity and displacement feedback signals of the shaking table. TVC combines a 
feedback controller with an input filter allowing command velocity and acceleration feedforward. 
𝑘௙௔, 𝑘௙௩ and 𝑘௙ௗ are feedforward gains. 𝑘௕௙, 𝑘௕௩ and 𝑘௕௔ are feedback gains. The feedback 
controller includes position, velocity and acceleration terms and is used to improve the robustness 
and disturbance compensation performance of the system. The acceleration tracking is improved 
by the feedforward controller. The number of parameters for TVC is six for each DOF. In practice 
TVC is normally manually tuned, and so the level of shaking table performance achieved is 
dependent on the skill of the operator [1]. However, TVC is a single-axis control method, and so 
the dynamic cross-coupling among degrees of freedom is not taken into account. These limitations 
often mean the performance capability of a shaking table is not fully utilized to optimize the 
accuracy of a test. Outer loop compensation, i.e. iterative learning control, is sometimes used to 
correct the limitations of TVC and improve the accuracy of the test [11-14]. However, repeated 
iterations are often not effective nor acceptable due to damage caused to the structure during the 
test [5]. Hence improvements in closed-loop control have been sought. 
 
A modal control approach for multi-DOF hydraulic mechanisms was first described in [15]. The 
signals in task space including the control errors, control inputs and outputs are transformed into 
the decoupled modal space. The control parameters of each DOF in modal space can be tuned 
independently and the bandwidths in task space are extended. The modal control approach has 
been applied to flight simulator motion systems and can improve the dynamic performance in each 
DOF [16-18]. Experimental results with a model-based controller which included modal control 
gave a 6-fold increase in bandwidth compared with a proportional controller, and the overturning 
sensitivity was reduced by between 5dB and 15dB [19]. An inverse actuator dynamics model was 
used in the controller to cancel the actuator dynamics and extend the bandwidth of the control 
system. However compensations for additional forces such as weight are not taken into account in 
[19]. 
 
Acceleration Decoupling Control (ADC) is developed in this paper to improve the control 
performance of 6 DOF electro-hydraulic shaking tables. Modal space control with dynamic 
compensation is developed based on the dynamic model of the system. The influence of the 
platform and load weight is taken into account in the controller, as appropriate for a shaking table 
without a physical weight compensation system. The load pressures and the accelerations of the 
hydraulic actuators are used to compensate the influence of the gravity term and the 
coriolis/centripetal term in joint space. An inverse actuator dynamics model is developed to cancel 
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the actuator dynamics differences in modal space. The same proportional gains are set for each 
DOF and the cross-coupling systems are decoupled into 6 independent systems with the same 
dynamic characteristics in task space. The input filter and feedforward controller in TVC are used 
to improve the acceleration tracking performance of each independent system. 
 
This paper is organized as follows. Section 2 describes the modal space control with dynamic 
compensation. Section 3 presents the ADC approach for a 6 DOF electro-hydraulic shaking table. 
Experimental results are given in Section 4. Section 5 concludes the paper. 
II. Modal space control with dynamic compensation 
Fig.2 shows the structure of the 6 DOF electro-hydraulic shaking table which is used to validate 
the controller in this research. The major specifications of the shaking table are given in Table 1. 
The table is of conventional design and typical of many 6 DOF tables currently in use for seismic 
testing. 
 
The control point of the 6 DOF shaking table is set to the center of the square formed by the upper 
gimbals of horizontal actuators. The 6 DOF are X, Y, Z, Rx, Ry and Rz respectively.  
2.1 Compensation of the gravity and coriolis/centripetal forces in joint space 
The dynamic model for parallel motion platform as a rigid body in the task space can be written as 
[9, 20] 
𝑱୪୯் 𝒇ୟ = 𝑴୲?̈? + 𝑪୲ + 𝑮୲                          (1)  
where Mt is the generalized inertia matrix in task space. q is the position vector of the motion 
platform with respect to the fixed base frame. ?̈? is the acceleration vector of the motion platform. 
𝑪୲ is the coriolis/centripetal term. 𝑮୲ is the gravity force vector. 𝒇ୟ is the actuator output force 
vector. Jlq is the Jacobian matrix of the platform that maps the actuator output forces to the 
forces/torques in task space.  
 
Jlq also relates the platform velocities, ?̇?, to the actuator velocity in joint space, ?̇?௔ 
?̇?௔ = 𝑱୪୯?̇?                                 (2) 
 
The limited stroke of most shaking tables means that the geometric changes are small within the 
working range and so Jlq can be considered to be constant. The relation between the acceleration 
vector of the actuators ?̈?௔ and ?̈? can be approximately represented as [9, 17, 21, 22] 
?̈?௔ = 𝑱୪୯?̈?                                 (3) 
 
Substituting Eq. (3) into Eq. (1), we get actuator force as 
𝒇ୟ = 𝑴௔ିଵ?̈?௔ + 𝑭ୢ                             (4) 
where 𝑴௔ is the joint space mass matrix, 𝑴௔ = 𝑱୪୯𝑴୲ିଵ𝑱୪୯் . The non-inertial force term is given 
by 𝑭ୢ = ൫𝑱୪୯் ൯
ିଵ(𝑪୲ + 𝑮୲) . Generally speaking, 𝑪୲  is much less than 𝑮୲ . In practice the 
variation of 𝑭ୢ is small when the displacement of the platform is small. 
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(a) three-dimensional modeling                              (b) top view 
Fig. 2  Structure of the 6 DOF shaking table in the work-ready position 
 
Table 1. Specification of the shaking table 
 
description value 
Size of table 1×1 m 
Table mass 285 kg 
Table moments of inertia [27 27 53] kgm2 
Load mass 145kg 
Load moments of inertia [9.5 9.5 6] kgm2 
Center of gravity of the load [-0.1 0 -0.32] m 
Peak velocity–vertical 0.22 m/s 
Peak acceleration–vertical 2 g 
Valve rated flow 30 l/min @ 210bar 
Valve natural frequency >100 Hz 
Valve damping ratio 0.7 
Oil supply pressure 100 bar 
Piston/rod diameter 0.063/0.045 m 
Actuator stroke 0.15 m 
d1 Distance between the upper gimbal of the actuators in X/Y direction and the 
OY/OX axis  
0.585 m 
d2 Distance between the upper gimbals of the two actuators in X direction 0.77 m 
d3 Distance between the upper gimbals of the actuators in Z direction  0.6 m 
d4 Length of the projection of the line between upper gimbal of the actuators in Z 
direction and the control point in OY axis 
0.3 m 
Distance between the upper gimbals and lower gimbals of the actuators in X/Y 
direction in work-ready position 
1.072 m 
Distance between the upper gimbal and lower gimbal of the actuators in Z 
direction in work-ready position 
1.294 
Distance between the upper gimbals plane of the actuators in X/Y direction and the 
upper gimbals plane of the actuators in Z direction 
0.162 m 
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The linearised hydraulic models for a symmetrical valve and a symmetrical actuator with inertial 
load are given as [23] 
𝑥௩௜ = 𝑉(𝑠)𝑘ௗ𝑢௔௜                              (5) 
𝑄௅௜ = 𝑘௤𝑥௩௜ − 𝑘௖𝑝௅௜                             (6) 
𝑄௅௜ = 𝐴𝑠𝑙௔௜ + ቀ𝐶௧௖ +
௏೟
ସఉ೐
𝑠ቁ 𝑝௅௜                       (7) 
𝑓௔௜ = 𝐴𝑝௅௜                                 (8) 
where 𝑢௔௜ is control signal of the ith valve, 𝑘ௗ is the electrical conversion gain. 𝑉(𝑠) is the 
spool dynamic response characteristic, 𝑉(𝑠) = ଵೞమ
ഘೡమ
ାమ഍ೡഘೡ
௦ାଵ
, where 𝜉௩  and 𝜔௩ are the damping 
ratio and natural frequency of the valve respectively [23]. 𝑥௩௜ is spool position of the ith valve, 
𝑘௤ is flow rate coefficient of the valve, 𝑘௖ is the ratio of flow rate reduction to load pressure of 
the valve, 𝑝௅௜ is load pressure of the ith hydraulic actuator, 𝑄௅௜ is the load flow of the ith 
actuator, A is effective piston area of the actuator, 𝑙௔௜ is displacement of the ith actuator, 𝐶௧௖ is 
the leakage coefficient, 𝑉௧ is the capacity of the actuator, 𝛽௘ is bulk modulus of the fluid, and 
𝑓௔௜ is output force of the ith actuator. 
 
Eqs. (4)~(8) provide the main equations to describe the dynamic model of the motion platform in 
joint space which is shown in Fig. 3, where 𝑘௖௘ = 𝑘௖ + 𝐶௧௖.  
 
 
Fig. 3  Dynamic model of the motion platform in joint space 
 
Defining 𝑭෡ௗ as estimate of 𝑭ୢ. Combing Eq. (4) and (8) gives 
𝑭෡ௗ = 𝐴𝒑௅ − 𝑴௔ିଵ?̈?௔                            (9) 
Based on Fig. 3, the gravity and coriolis/centripetal forces can be compensated [24-25]. Fig. 4 
shows the compensation scheme. 
 
Fig. 4  Block diagram of compensation of the gravity and coriolis/centripetal forces 
 
𝑮ௗ(𝑠) in Fig.4 are given by 
𝑮ௗ(𝑠) =
1
𝐴𝑘ௗ𝑘௤
൬𝑘௖௘ +
𝑉௧
4𝛽௘
𝑠൰ 𝑰                       (10) 
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where I is identity matrix. The valve dynamics are neglected in Eq. (10) as fast valves are 
typically used (in this case the valve corner frequency is about 100Hz) and the variation of 𝑭ୢ is 
small in any case. 
2.2 Modal space control 
Based on the compensation of the gravity and coriolis/centripetal forces, the dynamic model of the 
motion platform is simplified as  
𝑱୪୯் 𝒇ୟ = 𝑴୲?̈?                               (11) 
 
Substituting the Eqs. (5)~(7) into Eq. (8), 𝑓௔௜ is given by 
𝑓௔௜ =
𝐴𝑘ௗ𝑘௤
𝑘௖௘ +
𝑉௧
4𝛽௘
𝑠
𝑉(𝑠)𝑢௔௜ −
𝐴ଶ
𝑘௖௘ +
𝑉௧
4𝛽௘
𝑠
𝑠𝑙௔௜                 (12) 
 
Assuming the dynamic characteristics of the valves and the actuators of the shaking table are the 
same and substituting Eq. (2) and Eq. (12) into Eq. (11), we have 
𝑴୲𝒒
ଵ
௞೓
𝑠ଷ + 𝑴୲𝒒
௞೎೐
஺మ
𝑠ଶ + 𝑱୪୯் 𝑱୪୯𝒒𝑠 = 𝑱୪୯் 𝒖௔
௞೏௞೜
஺
𝑉(𝑠)             (13) 
where 𝑘௛ is the stiffness of the actuator, 𝑘௛ =
ସఉ೐஺మ
௏೟
. 
 
Let  
𝒖௔ = 𝑱୪୯𝑷𝒖௠                                (14) 
𝒒 = 𝑷𝒒௠                                  (15) 
where 𝒖௠ is control signal vector of the valves in modal space. 𝒒௠ is the displacement of the 
motion platform in modal space. 𝑷 has as its columns the eigenvectors of 𝑴୲ିଵ𝑱୪୯் 𝑱୪୯. 
 
Substituting Eqs. (14)~(15) into Eq. (13), we can get 
𝒒௠
ଵ
௞೓
𝑠ଷ + 𝒒௠
௞೎೐
஺మ
𝑠ଶ + 𝜴𝒒௠𝑠 = 𝜴𝒖௠
௞೏௞೜
஺
𝑉(𝑠)                (16) 
where 𝜴 = 𝑷ିଵ𝑴୲ିଵ𝑱୪୯் 𝑱୪୯𝑷 = 𝑑𝑖𝑎𝑔(𝜆ଵ 𝜆ଶ … 𝜆଺), 𝜆ଵ~𝜆଺ are the eigenvalues of 𝑴୲ିଵ𝑱୪୯் 𝑱୪୯.  
 
Eq. (16) shows that the coupled systems in task space are converted into decoupled systems in 
modal space. 
 
Let 
𝒖௠ = 𝑮௖(𝑠)𝒖௠ᇱ                                (17) 
𝑮௖(𝑠) =
𝐴
𝑘ௗ𝑘௤
𝜴ିଵ ൬𝑰
1
𝑘௛
𝑠ଶ + 𝑰
𝑘௖௘
𝐴ଶ
𝑠 + 𝜴൰  
Thus the open-loop transfer function between 𝒖௠ᇱ  and 𝒒௠ can be given by 
𝒒௠ =
௏(௦)
௦
𝒖௠ᇱ                                   (18) 
 
Fig. 5 shows the block diagram of modal decoupling control. 
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Fig. 5  Block diagram of modal decoupling control 
 
As indicated in Fig. 5, non-linear forward kinematic transformation is used to convert the 
displacement of the actuators from joint space to task space [9]. 𝒓 is the desired displacement in 
task space. 𝒓௠ is the desired displacement in modal space. The same proportional gain 𝑘௣ is 
selected for each DOF in modal space in order to decouple the motion in task space. The control 
system is stable when 𝑘௣ satisfies 
𝑘௣ < 2𝜉௩𝜔௩                                 (19) 
The shaking table motion axes are decoupled in task space and their dynamic characteristics are 
the same for each DOF. 
 
III. Control structure of the ADC 
The modal controller is model-based. The bandwidth could be extended greatly and the 
overturning sensitivity was reduced significantly if the plant model parameters are accurately 
determined [19]. Some of these parameters can be found from physical data, such as A, 𝑘ௗ and 
𝑘௤. Other parameters should be estimated by experiment or experience, such as 𝑴𝒕, 𝑘௖௘ and 𝑘௛. 
There are errors in the estimation of these parameters, especially given that the model is a linear 
approximation. Thus it is not possible to cancel out the actuator dynamics precisely and the 
proportional gain, 𝑘௣, in Eq. (19) should be set small enough to ensure the stability of the control 
system. The small 𝑘௣ limits the bandwidth of the system, but the tracking performance can be 
improved by including command feedforward. 
 
The block diagram of the ADC is shown in Fig. 6. The TVC input filter is introduced to transform 
the acceleration command signals ?̈?  into displacement command signals and improve the 
tracking performance of the system by including velocity and acceleration command feedforward. 
Note that the 3 TVC feedback gains traditionally found within the control loop are replaced by 
𝑘௣𝑰 and 𝑮௖(𝑠) in this controller, which is a second order lead term. 
 
The parameters ω0 and ξ0 of the second order input filter in Fig. 6 should be set to give an 
approximately flat response in the required frequency range of the shaking table. 𝑘௙௔, 𝑘௙௩ and 
𝑘௙ௗ  are feedforward gains which are used to improve the acceleration reference tracking 
performance [1]. The same feedforward gains are selected for each DOF as their dynamic 
characteristics are similar.  
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Fig.6  Block diagram of ADC for 6 DOF electrohydraulic shaking table 
 
There are only 4 control parameters, 𝑘௣, 𝑘௙௔, 𝑘௙௩ and 𝑘௙ௗ, in the ADC for the 6 DOF shaking 
table as shown in Fig. 6.  
 
IV. Experimental results 
4.1 Experimental Setup 
The experimental setup is shown in Fig. 7. Matlab/xPC Target is used as the control platform for 
prototyping, testing, and deploying the real-time control system for the shaking table [26, 27]. A 
desktop personal computer and an industrial Advantech IPC-610L are used as the host computer 
and the target computer respectively. The two computers communicate via a TCP/IP network. The 
actuators and servo-valves, which manufactured by Yantai Weihang Electrohydraulic Equipment 
Co., Ltd and AVIC Nanjing Servo Control System Co., Ltd respectively, are used to drive the 
motion platform. Temposonics magnetostrictive position sensors manufactured by MTS Sensors 
are used to measure the displacements of the 6 actuators. DC response accelerometers 
manufactured by PCB Piezotronics are used to measure the accelerations of the actuators. GemsTM 
pressure transducers are used to measure the pressures of the two chambers of the actuators. PCL 
816 and PCI 1716 data acquisition cards provided the interface between the target computer and 
the hardware in the control loop.  
4.2 Acceleration amplitude frequency response analysis 
Acceleration amplitude frequency responses were measured to test the performance of the ADC. 
ω0 and ξ0 were set to be 2π and 0.7 respectively before the tests. Other controller parameters were 
tuned online and showed in Table 2. 
 
9 
 
Fig. 7  Experimental setup 
 
Table 2.  Controller parameters in the experiments 
DOF  X Y Z Rx Ry Rz 
TVC 
𝑘௙௔  4.5×10-4 1×10-3 1×10-5 1.2×10-4 2.5×10-4 4.5×10-4 
𝑘௙௩ 2×10-2 1×10-2 5×10-2 7×10-2 6×10-2 2×10-2 
𝑘௙ௗ 1 1 1 1 1 1 
𝑘௕௙  1.12×10 5.5 1.12×10 1×10 8 1.12×10 
𝑘௕௩  1×10-3 2×10-3 1×10-3 1×10-3 1.2×10-3 1×10-3 
𝑘௕௔ 1×10-4 2×10-4 0 0 3×10-5 1×10-4 
ADC 
𝑘௣ 1.5×102 
𝑘௙௔  1×10-3 
𝑘௙௩ 3×10-1 
𝑘௙ௗ 1 
 
Defining ?̈? = [𝑋௜௡ 𝑌௜௡ 𝑍௜௡ 𝑅𝑥௜௡ 𝑅𝑦௜௡ 𝑅𝑧௜௡]  and 
?̈? = [𝑋௢௨௧ 𝑌௢௨௧ 𝑍௢௨௧ 𝑅𝑥௢௨௧ 𝑅𝑦௢௨௧ 𝑅𝑧௢௨௧], the acceleration frequency response function 
(FRF) matrix of the closed loop 6 DOF shaking table can be expressed as 
⎣
⎢
⎢
⎢
⎢
⎡
𝑋௢௨௧
𝑌௢௨௧
𝑍௢௨௧
𝑅𝑥௢௨௧
𝑅𝑦௢௨௧
𝑅𝑧௢௨௧ ⎦
⎥
⎥
⎥
⎥
⎤
=
⎣
⎢
⎢
⎡
ℎଵଵ(𝜔) ℎଵଶ(𝜔) ⋯ ℎଵ଺(𝜔)
ℎଶଵ(𝜔) ℎଶଶ(𝜔) ⋮
⋮ ⋱
ℎ଺ଵ(𝜔) ⋯ ℎ଺଺(𝜔)⎦
⎥
⎥
⎤
⎣
⎢
⎢
⎢
⎢
⎡
𝑋௜௡
𝑌௜௡
𝑍௜௡
𝑅𝑥௜௡
𝑅𝑦௜௡
𝑅𝑧௜௡ ⎦
⎥
⎥
⎥
⎥
⎤
                (20) 
where ℎଵଵ(𝜔)  represents the FRF between X-input and X-output. ℎଵଶ  represents the FRF 
between Y-input and X-output, etc. The diagonal elements of the FRF matrix are dimensionless. 
The units of the non-diagonal elements of the FRF matrix are dimensionless, (rad/s2)/g or g/(rad/s2) 
depending on the element. The amplitude frequency response characteristics of the non-diagonal 
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elements of the FRF matrix represent the cross-coupling among the degrees of freedom, and need 
to be minimized. 
 
The measured amplitude frequency response characteristics for ℎଵଵ~ℎ଺଺ with traditional TVC 
and the proposed new ADC are shown in Fig. 8. For the sake of brevity, only the Ry-related test 
results of the amplitude frequency response characteristics are shown in Fig. 9. 
 
  
(a) ℎଵଵ, ℎଶଶ and ℎଷଷ with TVC (b) ℎସସ, ℎହହ and ℎ଺଺ with TVC 
  
(c) ℎଵଵ, ℎଶଶ and ℎଷଷ with ADC (d) ℎସସ, ℎହହ and ℎ଺଺ with ADC 
 
Fig. 8  Acceleration amplitude frequency response characteristics of the diagonal elements in the FRF matrix  
 
  
(a) ℎହଵ (rad/s2)/g (b) ℎଵହ g/(rad/s2) 
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(c) ℎହଶ (rad/s2)/g (d) ℎଶହ g/(rad/s2) 
 
 
(e) ℎହଷ (rad/s2)/g (f) ℎଷହ g/(rad/s2) 
  
(g) ℎହସ (h) ℎସହ 
  
(i) ℎହ଺ (j) ℎ଺ହ 
Fig. 9  Off diagonal Ry-related acceleration amplitude frequency response characteristics of the FRF matrix 
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Fig.8 shows that both the TVC and the ADC have a bandwidth near 50Hz except for ℎଶଶ with 
TVC. A resonant frequency near 5Hz is shown in ℎଶଶ with TVC while ℎଶଶ with ADC shows no 
obvious resonant frequency.  
 
Fig. 9 shows the cross-coupling between Ry and the other DOF. The amplitude frequency response 
characteristics of ℎଶହ, ℎହ଺ and ℎ଺ହ, which are far less 0 dB in most frequency bands, are very 
similar for the two controllers. The amplitude frequency response characteristics of ℎହଵ, ℎହଶ, ℎହଷ, 
ℎହସ, ℎଵହ, ℎଷହ, ℎସହ show that the cross-couplings between Ry and other DOF are significantly 
reduced with ADC in most frequency bands. The best improvement with ADC is more than 30dB 
near 23Hz in ℎହଷ. 
V. Conclusion 
Acceleration decoupling control of 6 DOF electro-hydraulic shaking table was developed based on 
a modal decoupling control approach. The gravity and coriolis/centripetal forces were 
compensated in joint space. The control axes of the shaking table were decoupled in task space 
when the differences of the dynamics were cancelled and the same proportional gains were set for 
each DOF in modal space. A TVC input filter was used to give command feedforward which was 
combined with the modal decoupling control to improve the acceleration tracking performance of 
the system. The number of parameters for TVC is 36 for a 6 DOF shaking table. There are only 4 
control parameters for the proposed control approach. Experimental results showed that improved 
acceleration tracking frequency responses were obtained, and the cross-coupling between the axes 
was very significantly reduced with the new acceleration decoupling control. 
 
The performance of the ADC is dependent on the modeling precision. A decoupling control with 
the same dynamic characteristics for each axis in task space can be achieved by the cancellation of 
the dynamic characteristics in modal space, but only if the model is sufficiently accurate. Some 
model parameter errors are inevitable, and the experimental proportional gain in modal space was 
constrained to ensure sufficient stability margins and hence robustness of the control system in the 
presence of these errors. The analysis of robustness of the ADC with parameter estimation errors 
remains as future work. Nevertheless, the method provides a much more systematic approach to 
shaking table control compared to the conventional manually-tuned TVC, offering a significant 
improvement in seismic testing accuracy and hence earthquake safety in the future. 
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